Tidal rivers and estuaries are very important features of the Coastal Zone because of their immense biological productivity and their proximity to centers of commerce and population. Most of the shellfish and much of the local finfish consumed by man are harvested from estuaries and tidal rivers. Many of the world's largest shipping ports are located within estuaries. Many estuaries originate as river valleys drowned by rising sea level and are geologically ephemeral features, destined eventually to fill with sediments. Nutrients, heavy metals, and organic chemicals are often associated with the sediments trapped in estuaries. Part of the trapped nutrients may be recycled to the water column, exacerbating nutrient-enrichment problems caused by local sewage treatment plants, and promoting undesirable algae growth. The metals and organics may be concentrated in the food chain, further upsetting the ecology and threatening the shell and finfish harvests. Our knowledge of the processes governing these phenomena is limited and the measurements needed to improve our understanding are scarce.
In response to an increasing awareness of the importance and delicate ecological balance of tidal rivers and estuaries, the U.S. Geological Survey began a 5-year interdisciplinary study of the tidal Potomac River and Estuary in October of 1977. The study encompassed elements of both the Water Resources Division's ongoing Research and River Quality Assessment Programs. The Division has been conducting research on various elements of the hydrologic cycle since 1894 and began intense investigation of estuarine processes in San Francisco Bay in 1968. The River Quality Assessment program began in 1973 at the suggestion of the Advisory Committee on Water Data for Public Use which saw a special need to develop suitable information for river-basin planning and water-quality management. The Potomac assessment was the first to focus on a tidal river and estuary. In addition to conducting research into the processes governing water-quality conditions in tidal rivers and estuaries, the ultimate goals of the Potomac Estuary Study were to aid water-quality management decisionmaking for the Potomac, and to provide other groups with a rational and well-documented general approach for the study of tidal rivers and estuaries.
This interdisciplinary effort emphasized studies of the transport of the major nutrient species and of suspended sediment. The movement of these substances through five major reaches or control volumes of the tidal Potomac River and Estuary was determined during 1980 and 1981. This effort provided a framework on which to assemble a variety of investigations:
(1) The generation and deposition of sediments, nutrients, and trace metals from the Holocene to the present was determined by sampling surficial bottom sediments and analyzing their characteristics and distributions.
(2) Bottom-sediment geochemistry was studied and the effects of benthic exchange processes on water-column nutrient concentrations ascertained.
(3) Current-velocity and water-surface-elevation data were collected to calibrate and verify a series of one-and two-dimensional hydrodynamic flow and transport models.
(4) Measurements from typical urban and rural watersheds were extrapolated to provide estimates of the nonpoint sources of sediments, nutrients, and biochemical oxygen demand during 1980 and 1981. (5) Intensive summertime studies were conducted to determine the effects of local sewage-treatmentplant effluents on dissolved-oxygen levels in the tidal Potomac River.
(6) Species, numbers, and net productivity of phytoplankton were determined to evaluate their effect on nutrients and dissolved oxygen.
(7) Wetland studies were conducted to determine the present-day distribution and abundance of submersed aquatic vegetation, and to ascertain the important water-quality and sediment parameters influencing this distribution.
(8) Repetitive samples were collected to document the distribution and abundance of the macrobenthic infaunal species of the tidal river and estuary and to determine the effects of changes in environmental conditions on this distribution and abundance.
The reports in this Water-Supply Paper series document the technical aspects of the above investigations. The series also contains an overall introduction to the study, an integrated technical summary of the results, and an executive summary which links the results with aspects of concern to water-quality managers. (Smith and Herndon, 1979 , 1980a , 1980b , 1980c contain data for longitudinal surveys of the tidal river and estuary conducted between August 1977 and September 1978; one hydrologic data report (Blanchard, 1983) 
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Purpose and Scope
This report presents information on the discharge of dissolved and suspended material entering the tidal Potomac River from the river basin above Chain Bridge at Washington, D.C., for the 1978-81 water years. Discharges were computed for the various forms of phosphorus and nitrogen, major cations and anions, silica, BOD (biochemical oxygen demand), chlorophyll a and pheophytin, and suspended sediment. The results cited in this report will be incorporated with concurrent studies of the dynamics of material transported through the tidal river and estuary.
CHARACTERISTICS OF THE POTOMAC RIVER AT THE MEASURING STATIONS
Streamflow Station and Flow Characteristics
The Streamflow station, Potomac River near Washington, D.C., is located ( fig. 2 ) at Little Falls Dam on the Potomac River, 1.9 km (kilomers) upstream from Chain Bridge and has been active since March 1930 (U.S. Geological Survey, 1982 . The drainage area upstream of the gaging station is 29,940 km2 (square kilometers). For the 51-year (1931-81) period of record the maximum discharge is 13,700 mVs (cubic meters per second) (Mar. 19, 1936) , the minimum discharge is 3.43 m 3 /s (Sept. 9, 1966 ) and the average annual discharge is 322.8 nrVs. Figure 3 shows that peak discharges are most likely to occur during February through June; (71 percent of historical peak flows occurred during these months). The relationship of annual peak discharges during the data-collection period to those of the 51 -year period of record is shown in table 1. The flood that occurred during the Potomac Estuary study in 1979 was the seventh largest recorded flood; the larger floods are shown in order of their magnitude. A flood probability analysis ( fig. 4 ), using the log Pearson Type III distribution, shows that the recurrence interval for the mean daily discharge of this flood is nine years.
Streamflow during the 3 years of intensive sampling (1979-81 water years) varied considerably as shown by tables 2 and 3. The mean discharge for the 1979 and 1980 water years was similar but each had different high-and low-flow characteristics. (Highand low-flow periods were considered as those periods of time for which the flow was 50 percent greater than or less than the 51-year average annual discharge.) For example, for low flow, the 1979 water year had the 30th lowest flow for 30 consecutive days and 1980 water year had the 50th. For high flow the 1979 water year had the third highest flow for 30 consecutive days and the 1980 water year had the 15th. The range in flow characteristics for all three water years varied from the sixth highest one day mean flow in 1979 to the 25th lowest one day mean flow in 1981, and from the fourth highest 183 consecutive day mean flow in 1979 to the ninth lowest 183 consecutive day mean flow in 1981. The Streamflow, depicted as flow-duration curves in figure  5 , also shows that the 1979-81 water years represented a wide range of hydrologic conditions.
The streamflows during these 3 years, when combined, generate a flow-duration curve similar to the flow-duration curve for the long-term period. Flowduration curves for the 3-year intensive sampling period and for the 9 years during which at least periodic water-quality data are available are superimposed on the flow-duration curve for the 51 years of record in figure 6 . The three curves show the same characteristics for 95 percent of the time.
From tables 1, 2 and 3, and the flow-duration curves it seems that the water-quality data for the Potomac Estuary Study was collected under nearly the entire range of conditions from high-to low-flow periods. Average concentrations of water-quality data for the study period could be representative of longterm Streamflow conditions.
Water-Quality Station and Sample Collection
Water-quality data were collected ( fig. 2) Geological Survey, 1978) . In 1978 the waterquality sampling station was moved to Chain Bridge at Washington, D.C. In March 1978 a water-quality monitor was also installed at the station. In addition to the water-quality data collected by the Potomac Estuary Study from December 1977 to September 1981, water-quality data were collected at Chain Bridge as part of other programs. These data were used to supplement analysis of the Potomac Estuary Study data (U.S. Geological Survey, 1979 Survey, , 1980 Survey, , 1981 Survey, , 1982 .
The Chain Bridge station is 1.9 km downstream from Little Falls Dam and is in a narrow ( fig. 7) , boulder strewn channel ( fig. 8 ) containing many rock outcrops. The result is that water passing through the channel, even at low flow, is very turbulent as shown by the three large eddies in figure 8 and the rippled water surface in figure 9 . Note in figure 10 that the flood shown has not reached the top of the river bank at this site. Water velocities in the largest floods exceed 4.5 m/s (meters per second). In fact, even during low flow Water years 1931-81 1936 1943 1972 1937 1955 1977 1978 1979 1980 1981 Daily the velocities are so fast that it is difficult to submerse a sampler more than 2 or 3 meters.
Comparison of suspended sediment analyses of the few samples (table 4) collected simultaneously from the water-quality monitor intake line and from the channel under the bridge showed very little difference. The average difference in concentration between the two sampling sites for samples with concentrations less than 65 mg/L (milligrams per liter) was 4 mg/L, and for samples with concentrations greater than 400 mg/L was 40 mg/L. Suspended sediment concentrations (table 5) were determined across the width of the river during flood stage on February 27, 1979. The standard deviation among sample concentrations was 15 mg/L or about 3 percent. The suspended sediment analyses, coupled with visible turbulence and water velocities, lead to the conclusion that the water passing Chain Bridge was well mixed for most sizes of transported material and that samples from a single point in the main channel are representative of discharge weighted samples. Therefore, most samples collected during the study were taken from the water-quality monitor intake line.
The water-quality sample collection frequency was biased toward periods of maximum transport of dissolved and suspended material. That is, the sampling frequency was increased to three or four times a day on very large floods and decreased to weekly during periods of low flow. For a more complete description of the methods of sample collection, shipment, and analysis used, refer to the four annual hydrologic data reports Blanchard and Hahl (1981) , Blanchard and others (1982) , , and Blanchard (1983) .
METHOD OF LOAD COMPUTATION
Only 30 km2 of additional drainage area exists between the streamflow station at Little Falls and the water-quality station at Chain Bridge. No significant flow enters via the intervening drainage area. Chain Bridge is the upper limit of tidal influence. Therefore, the Little Falls water-discharge data were used with the Chain Bridge water-quality data to compute loads entering the tidal river.
Cations and Anions
Concentration Estimation Techniques
The water sampling program for cations and anions was intermittent. Specific conductance, however, was monitored continuously. Therefore, daily 1931 1932 1933 1934 1935 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1931 1932 1933 1934 1935 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1 950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 mean concentrations of the major cations and anions were determined by linear regression with specific conductance. A multiple regression analysis was not required because the ratio between constituent concentrations and specific conductance is constant over the range of recorded specific conductance. Good correlations were developed for all the major anions and for all the major cations, except potassium, which was not sensitive to changes in specific conductance. The concentration of potassium is less than 5 mg/L or less than 2 percent of the total concentration of dissolved constituents; therefore a relatively large change in the concentration of potassium ion results in almost no change in specific conductance. The coefficient of determination for potassium was low (r2 of 0.22), and the correlation was not used. The correlations developed for Potomac Estuary Study agree very well with those developed for the Potomac River at Chain Bridge by Lang (1982, p. 17) for another study. The Potomac Estuary Study relationships, described by the equations in table 6, were used with the continuous record of specific conductance data obtained from the monitor at Chain Bridge to derive daily mean concentrations of selected dissolved constituents.
Estimates of specific conductance were made for periods of missing record based on instantanteous specific conductance data obtained from water-quality samples.
Computed Loads
Daily loads of cations and anions were computed by the following equation:
where: L = constituent load, in metric tons per day Table 6 . Linear regression equations for concentration estimation of the major cations and anions (Cy = concentration in milligrams per liter; SC = daily mean specific conductance in micromhos; N = number of data pairs used to determine regression.)
Dissolved ion
Chloride Sulfate Calcium Magnesium Sodium Bicarbonate Total dissolved solids Regression equation
c. = (o. (also represents constituent discharge); k = unit conversion factor, 0.0864; C = daily mean concentration, in milligrams per liter; Q = daily mean water discharge, in cubic meters per second.
The monthly loads are the sum of the daily values. Loads of major cations and anions for water years 1979-81 are shown in tables 7a, 7b, and 7c.
Evaluation of Computed Loads
The precision of the cation and anion loads can be tested by calculating the cation-anion balance for each month. Hem (1970) states that if a water sample were analyzed in the laboratory, "the sum of the cations in milliequivalents per liter (meq/L) should equal the sum of the anions," and "the difference between the sums will generally not exceed 1 or 2 percent" unless "the total equivalents of anions and cations is less than about 5 meq/L," then "larger percentage errors are sometimes unavoidable." Of the 36 months for which data were computed, 31 had a cation-anion difference of three percent or less. The other 5 months each had meq/L values of 5 or less. Accordingly, if the major cations and anions computed for the study period had been determined in the laboratory the values would be acceptable.
The results of another test that was performed on the cation and anion daily loads are presented in table 8. For this test the regression equations were used to estimate constituent concentrations for times when laboratory analyses were available. Estimated values were plotted versus the corresponding laboratory concentrations for the 1979-1981 water years. A linear regression line was then calculated for each constituent and the slope of each line was determined. These slopes are about equal to 1.00 therefore the linear regression equation used to determine the daily cation and anion concentrations produce results that are comparable to the laboratory results.
The cation-anion balance test and the results of the linear regression equations indicate that the computed values closely represent actual values and accurately represent missing data.
Nutrient Species, Chlorophyll, and Biochemical Oxygen Demand Concentration Estimation Techniques
Attempts to obtain daily concentrations for the nutrients, chlorophyll, and BOD by linear correlation with discharge were unsuccessful. The inconsistent relationships with discharge led to the testing of multiple regression equations involving SS (suspended sediment), pH (hydrogen ion concentration), T (temperature), DO (dissolved oxygen), and SC (specific conductance) to estimate daily mean concentrations for phosphorus, nitrogen, silica, chlorophyll, and oxygen demanding materials (BOD).
Nutrient data were analysed by a regression technique developed by James H. Goodnight (Helwig and Council, 1979) called MAXR (Maximum R2 Improvement Technique). The MAXR method is better than the stepwise regression method because it does not settle on the initial model for the entire series of regressions. Instead, this method selects the best model for each step by comparing all r2 values each time a variable is entered. In other words, a variable with a high r value when only pairs of values are being considered may be dropped if its presence in the regression is detrimental to subsequent r2 values when more than two variables are being considered. This method developes a model for which r2 is maximized. The results from the MAXR analyses when applied to phosphorus, nitrogen, silica, chlorophyll, and BOD data did not yield any relationships that could be used to determine daily concentrations for the 3-year period. Correlations were not improved by selecting data by season or by grouping data by magnitude of discharge. The only regression of significance was that for total phosphorus for the 1979 water year, r2 of 0.86.
As a result of the failure of the multiple regression techniques daily concentrations for phosphorus and nitrogen species, silica, chlorophyll, pheophytin, and ultimate and carbonaceous BOD were interpolated between sampling dates by using the constituent concentration, the rate of change in the hydrograph, and changes in other constituents as guides. This manual technique is known as the hydrograph method of computing loads (Porterfield, 1972) . When rapid changes in constituent concentration occurred during a single day, such as those shown for phosphorus on February 26, 1979 ( fig. 11) , that day was subdivided and the observed concentrations for that day were weighted by the discharge that occurred during the subdivision to arrive at a daily mean concentration.
Computed Loads
Daily loads of nutrients, chlorophyll, and BOD were computed by the following equation: where: L = constituent load, in metric tons per day (also represents constituent discharge); k = unit conversion factor, 0.0864; C = daily mean concentration, in milligrams per liter; Q = daily mean water discharge, in cubic meters per second.
The monthly loads are the sum of the daily values. Loads for nitrogen, phosphorus, and silica for water years 1978-81 are shown in tables 9a, 9b, 9c, and 9d and the loads for chlorophyll a, pheophytin, and uninhibited ultimate and ultimate carbonaceous BOD for water years 1979-81 are shown in tables lOa, lOb, and lOc.
Evaluation of Computed Loads
Procedures are not available for testing the accuracy of the nutrient loads obtained by the hydrograph method. The multiple regression equation for total phosphorus (r2 of 0.86) for the 1979 water year was used to calculate loads that could be compared to the hydrograph-method loads for that year. The annual load of total phosphorus from the equation was 5 percent higher than the annual load determined by the hydrograph method. The method used in this report to obtain total phosphorus loads therefore yields results similar in magnitude to results from the regression .
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. Comparison of the annual loads of total and dissolved phosphorus, dissolved ammonia, and dissolved nitrate plus nitrite presented in this report with those reported by Lang (1982) also show good agreement. Loads for the other constituents probably are equally as good.
Suspended Sediment
Suspended sediment has a consistent relationship with water discharge over a wide range of discharges. Suspended sediment loads were previously reported in inch-pound units by the U.S. Geological Survey (1979 Survey ( , 1980 Survey ( , 1981 Survey ( , 1982 . For this report, the monthly-mean suspended-sediment loads were converted to metric tons (t) and corresponding suspendedsediment concentrations were computed by dividing the monthly mean loads by kQ (where Q is the monthly mean water discharge, in m3 /s) and rounding the concentrations to the nearest milligram per liter. Loads for suspended sediment are shown in table 11. which a designated minimum load of material was being transported. For example, 50 percent of the time during the 1979-1981 water years the daily mean constituent discharges were greater than or equal to the following magnitudes, in metric tons per day: total phosphorus as P dissolved phosphorus as P dissolved nitrogen as N dissolved nitrate plus nitrite as N dissolved ammonia as N dissolved silica chlorophyll a BOD ultimate uninhibited BOD ultimate carbonaceous suspended sediment
Seasonal Variations in Concentrations and Loads
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DISCUSSION
Frequency Analysis of Concentrations and Loads
Frequency analyses were made of the daily concentrations and loads of nutrients, chlorophyll, and sediment. The results of these analyses are plotted as concentration-and load-duration curves in figures 12 and 13. The concentration-duration curves, shown in figure 12 , give the percentage of time a particular level of concentration prevailed or was exceeded during the study period. Fifty percent of the time during the 1979-1981 water years the daily mean constituent concentrations were greater than or equal to the following magnitudes, in milligrams per liter: total phosphorus as P dissolved phosphorus as P dissolved nitrate plus nitrite as N dissolved ammonia as N dissolved silica chlorophyll a BOD ultimate uninhibited BOD ultimate carbonaceous suspended sediment The load-duration curves, shown in figure 13 , indicate the percentage of time during the study for Examination of the data in tables 7, 9, 10, and 11 shows that in general the monthly mean concentrations change with season. For the most part the changes are neither consistent from year to year for the same constituent nor consistent between pairs of constituents. However, the summary in table 12 indicates relatively small changes in the annual-average concentrations of each constituent for the water years 1979-81.
The consistency in annual-average concentrations is emphasized by the annual loads shown in table 12. During the 1979 and 1980 water years the high flow runoff patterns were quite different (table 3 and fig. 5 ), yet the total volume of flow and the total loads are similar. During the 1981 water year streamflow was much below that for the proceeding two years, yet the average concentrations of nutrients remained nearly the same. Of course, the loads were much less. Therefore, the variable annual load entering the tidal Potomac River is due mostly to changes in discharge rather than changes in the annual-average concentrations of nutrients.
This pattern also holds for the major cations and anions. Comparison of annual mean concentrations of cations and anions (table 7) for 1979-81 shows little change, but, the change in loads is large.
In conclusion, there is very little consistant seasonal change in constituent concentrations. The seasonal trend in loads, however, exists as a direct function of changes in runoff. Edwards (1973) also came to the same conclusion for several rivers in Norfolk, Great Britain. 
Discussion
Storm Runoff
Storm runoff from the Potomac River basin above Chain Bridge contributes large amounts of constituents to the tidal Potomac River. Water discharges and loads of selected constituents for five of the largest storms that occurred during the study period are shown in table 13. The storm-runoff period was considered as that period of time for which the flow exceeded the long-term average flow. The three largest storms of the 1979 water year (table 14) In summary, some storm runoff events yield as much dissolved and suspended material as is transported during entire low-flow years. A good example is the comparison of loads from the February 24-March 23, 1979 storm runoff event (28 days) with loads for the entire 1981 water year. Storm runoff in some years transports one-third to two-thirds of the annual loads of constituents. Even though the average discharges for 1979 and 1980 were about equal, the storm runoff characteristics were different and the 1980 loads of suspended material were less than those for 1979. 
Examination of Selected Water-Quality Constituents
No satisfactory predictive relationships were developed for the nutrient species, for chlorophyll, for BOD or for suspended sediment. There are several good correlations between these constituents and the agents affecting their change. These correlations are not useful for accurate predictions because the response of the constituent to a specific change is not always of the same magnitude. For example, a peak discharge of 1400 mVs could result in several different concentrations for a given constituent. The peak discharge could be from a long duration-low intensity storm, from a short duration-high intensity storm, from snow melt, or from a rainfall event in just one watershed of the drainage basin. In each case, the resultant concentration would probably be different. The effects of biological removal, the interval between flow events, and hyteresis also increase this variability. Figure 14 shows the variation in concentration of four constituents to a rainfall event. Hendrickson and Krieger (1960) show the same type of cyclic response for several cations and anions. Figure 14C shows that even though there are several possible concentrations for a low river discharge, suspended sediment tends to increase with increasing discharge. It is this type of positive correlation that will be discussed below.
Phosphorus
Phosphorus in natural waters appears as phosphate anions, complexes with metal ions, and colloidal paniculate material (Hem, 1970) . One would expect, therefore, that the best correlations with phosphorus would involve suspended sediment, river discharge, and metal ions. The data from this study support that hypothesis. In general, the best relationships involve total phosphorus and not dissolved phosphorus. Those relationships significant at the 99 percent level and their corresponding r2 value are listed in table 15. Monthly mean values of phosphorus were also regressed against monthly means of the various constituents in order to eliminate some of the variations.
The best relationships for total phosphorus are with suspended sediment, iron, and aluminum. The reason for this is that on the average, approximately 55 percent of the total phosphorus is composed of suspended phosphorus. According to particle-size data presented by Blanchard and Hahl (1981) , more than half the suspended sediment is composed of clay minerals, which have a high aluminum content. Iron is abundant in rocks and soils and is probably a major component in the rest of the suspended sediment. Lang (1982) also showed a correlation between aluminum, iron and suspended sediment at Chain Bridge. Figure  15 shows graphically the relationship between total phosphorus, suspended iron and suspended aluminum for a storm runoff event in March 1980.
Dissolved phosphorus concentrations correlated well with the same constituents as did total phosphorus, except for pH and DO, which correlated only with dissolved phosphorus. Indirectly, the correlation with DO might be related to biological activity and the uptake of dissolved phosphorus. Similarly, the correlation with pH is probably related to the effects that pH has on the solubility of aluminum and iron and their ability to form complexes with dissolved phosphorus. In support of the DO hypothesis, the percent of dissolved phosphorus is lowest, 35 percent, during the biological growth period of summer and highest, 65 percent, during the biological dormant period of winter. Dissolved and total phosphorus concentrations at Chain Bridge ranged from 0.00 to 0.20 mg/L and 0.00 to 0.68 mg/L, respectively. Hem (1970) attributes the low concentrations of phosphorus in natural waters to "utilization of phosphorus by aquatic vegetation" and "the absorbtion of phosphate ions by metal oxides, expecially ferric hydroxides".
Nitrogen
Dissolved nitrate plus nitrite is the predominant species of nitrogen at Chain Bridge ( fig. 16 ). It accounts for approximately 75 percent of the total nitrogen concentration and 63 percent of the total nitrogen load. Approximately 80 percent of the nitrogen is dissolved and 20 percent is suspended. Because most nitrogen is dissolved, its concentration correlates very poorly with suspended sediment and river discharge; those correlations that are significant (at the 99 percent Total Kjeldhal nitrogen at Chain Bridge is approximately 50 percent suspended; hence the correlation with suspended sediment. Dissolved nitrate plus nitrite is inversely correlated to temperature and specific conductance. Increases in specific conductance and temperature generally occur during the growing season indicating that the correlation is indirectly related to biological activity. Figure 17 supports this hypothesis by showing how increases in chlorophyll a correspond to decreases in nitrate plus nitrite and vice versa. Johnson and others (1969) also concluded that summer biological activity reduced nitrate concentrations for streams in the Hubbard Brook watershed.
Silica
Dissolved silica concentrations in natural waters should range between 6 mg/L, the solubility of quartz reported by Morey and others (1962) and 120 mg/L, the solubility of amorphous silica reported by Siever (1962) . Silica concentrations can be substantially depleted through biological activity. Edwards (1973) reported that at times as much as 90 percent of the dissolved silica supplied to the river Yare was removed by diatoms. Thus, the effective range of dissolved silica is 0.0 mg/L to 120 mg/L. At Chain Bridge, the discharge-weighted mean concentration for the water years 1978 to 1981 was 5.6 mg/L, the maximum was 8.6 mg/L, and the minimum was 0.0 mg/L. Edwards (1973) , Kennedy (1971) , and Davis (1964) determined that dissolved silica was uncorrelated with discharge. For the Potomac River at Chain Bridge however, there is a significant correlation between river discharge and dissolved silica concentration at the 99 percent level. Using daily values, the correlation explained little of the variation in concentration but for mean monthly values approximately half the variation was explained. Figures 18a, 18b , and 18c show dissolved silica, river discharge, and chlorophyll a for 3 water years, 1979 to 1981. These graphs show that generally, dissolved silica increases with discharge. There are three exceptions to this relationship. First, for the January and February 1979 runoff events there is a decrease in concentration corresponding to, or just preceeding the peak discharge. This decrease could be the result of an initial snow melt for both runoff events; increase in dissolved silica is negated. This increase in dissolved silica due to groundwater corresponds to the typical biological growth season and therefore is usually negated.
Suspended Sediment
Suspended sediment at Chain Bridge correlates well with river discharge. For the water years 1979 to 1981, the best relationship with river discharge produced an r2 of 0.55. The data were separated into three categories based on rising river discharge, falling river discharge, and steady river discharge (daily change in river discharge less than 6 mVs). Sediment was regressed against river discharge in each category producing the following results: rising river discharge, r2 of 0.47; falling river discharge, r2 of 0.65, steady river discharge, r2 of 0.29.
Suspended sediment concentrations are primarily affected by the previous river discharge conditions and the time of year. For example, of the three largest storm runoff events of 1979, the largest, by a factor of two, had the lowest peak sediment concentration; this storm occurred in February 1979. In January 1979, the second largest storm occurred transporting all the readily available sediments and leaving little time for additional sediments to accumulate before the February storm. The January storm had a higher peak sediment concentration even though it had half as high a peak river discharge. The highest suspended sediment concentration, however, occurred in September 1979. This storm runoff event was preceeded by a 3 month low-flow period allowing sufficient time for sediment to accumulate in the river channel. The January and February storms were during the winter when the ground was covered with snow and frozen. Therefore, even though their respective peak discharges were higher than the September storm, the rain and runoff had less potential for sediment transport.
The steady low-flow is similarly affected. The lowest sediment concentrations in 1979 occurred after the January and February storms. During these two storms the readily available sediments were flushed from the river channel. Little sediment was available following these storms for transport and what there was, probably accumulated in the river channel. This is why for a given steady low flow discharge, the sediment concentration before these two storms was higher than after them.
Historical Extension of the Data
The equations for determining daily cation and anion concentrations (eq. 1) can be used with historical and future conductivity data to estimate concentrations at the the 95 percent confidence level (a = 0.05). (See section Evaluation of Computed Results for Cations and Anions.)
The similiarity of the 1979-81 flow duration curves to the 1973-81 and to the 1931-81 curves (figure 6) suggests that the nutrient concentrations in streamflow at Chain Bridge would have occurred during the two periods and would have frequencies similar to those shown in figure 12 , assuming 1979-81 basin-wide conditions of water use, waste treatment, and land use had existed during the earlier periods. The concentration-and load-duration curves shown in figures 12 and 13 may be used to estimate water-quality conditions only if the 1979-81 basin-wide use and return flow conditions prevailed during the period in question and only if the flow-duration curve for the period in question matches the curve for the study period. Because runoff during the 1979-1981 water years was similar to 95 percent of historical runoff and because the concentrations of constituents remained fairly consistent over the 3-year period 1979-81, it is postulated that future nutrient concentrations entering the tidal river probably will remain similar to the annual-average concentrations shown in table 12 unless significant changes take place in the river basin. The loads, on the other hand, will be subject to the variations in runoff but probably will follow the pattern described in the section on storm runoff.
SUMMARY AND CONCLUSION
The Potomac River at Chain Bridge at Washington, D.C. is located at the head of the tidal Potomac River and Estuary. Water-resources data were collected intensively at this site from December 1977 through September 1981. Based on these and other available data, the following is a summary of observations and conclusions.
1. Water discharge for the three years of study represents the characteristics of the 51-year (1931-81) average discharge 95 percent of the time.
2. Statistical and comparative tests show that the computed monthly and annual loads shown in this report reliably represent the laboratory data.
3. The concentration-duration curves show that 50 percent of the time water passing Chain Bridge contained at least 0.07 mg/L total phosphorus as P, 0.03 mg/L dissolved phosphorus as P, 1.0 mg/L dissolved nitrate plus nitrite as N, 0.03 mg/L dissolved ammonia as N, 4.5 mg/L dissolved silica as SiO2 , 0.007 mg/L chlorophyll a, 4.3 mg/L ultimate BOD, 3.2
